Large conductance Ca 2ϩ -activated K ϩ channels (BK Ca ) play a critical role in blood pressure regulation by tuning the vascular smooth muscle tone, and hyposensitivity of BK Ca to Ca 2ϩ sparks resulting from its altered ␤1 subunit stoichiometry underlies vasoconstriction in animal models of hypertension. Here we demonstrate hypersensitivity of BK Ca to Ca 2ϩ sparks that contributes to hypotension and blunted vasoreactivity in acute hemorrhagic shock. In arterial smooth muscle cells under voltage-clamp conditions (0 mV), the amplitude and duration, but not the frequency, of spontaneous transient outward currents of BK Ca origin were markedly enhanced in hemorrhagic shock, resulting in a 265% greater hyperpolarizing current. Concomitantly, subsurface Ca 2ϩ spark frequency was either unaltered (at 0 mV) or decreased in hyperpolarized resting cells. Examining the relationship between spark and spontaneous transient outward current amplitudes revealed a hypersensitive BK Ca activity to Ca 2ϩ spark in hemorrhagic shock, whereas the spark-spontaneous transient outward current coupling fidelity was near unity in both groups. Importantly, we found an acute upregulation of the ␤1 subunit of the channel, and single-channel recording substantiated BK Ca hypersensitivity at micromolar Ca 2ϩ , which promotes the ␣ and ␤1 subunit interaction. Treatment of shock animals with the BK Ca inhibitors iberiotoxin and charybdotoxin partially restored vascular membrane potential and vasoreactivity to norepinephrine and blood reinfusion. Thus, the results underscore a dynamic regulation of the BK Ca -Ca 2ϩ spark coupling and its therapeutic potential in hemorrhagic shock-associated vascular disorders. (Circ Res. 2007;101:493-502.) 
C a 2ϩ sparks are commonly thought to arise from the opening of one, or the coordinated opening of several, ryanodine receptor (RyR) Ca 2ϩ release channels in the sarcoplasmic reticulum (SR) of cardiac, 1 skeletal, 2 and arterial myocytes. 3 In arterial smooth muscle cells (ASMCs), Ca 2ϩ sparks beneath the plasma membrane activate 10 to 100 large conductance Ca 2ϩ -activated K ϩ channels (BK Ca ) in the adjacent sarcolemma and elicit the discharge of spontaneous transient outward currents (STOCs), resulting in membrane hyperpolarization and, subsequently, dilation of vascular smooth muscle. 3, 4 Recent studies have revealed that the coupling between sparks and STOCs can continuously regulate, by negative feedback, the vascular tone in intact arteries. [5] [6] [7] [8] Furthermore, it has been recently shown that the spark-STOC coupling efficiency is altered during hypertension, because of modulation of the subunit stoichiometry of BK Ca in vascular smooth muscle. 5 Severe shock is well characterized by a sequence of events, including release of endogenous vasoconstrictors, delayed vascular decompensation, and refractory hypotension that is defined as a progressive vasodilatation, as well as a continuous decrease in peripheral vascular resistance resulting in death, despite augmentation of sympathetic nervous activity or treatment with vasoconstrictors. 9 Various factors, such as ␣-adrenoceptor desensitization, metabolic acidosis, cytokine release, transcription factor activation, endothelial cell (EC) damage, and overproduction of nitric oxide (NO) have been shown to be involved in this process. 10 -13 Nevertheless, the mechanisms underlying the low blood pressure in shock are not fully understood, and there are few effective clinical strategies to reverse the refractory hypotension in patients with severe shock.
Vascular hyporeactivity is one of the major causes responsible for the progressive hypotension in severe shock, and membrane hyperpolarization of smooth muscle cells is considered to account for the low vasoreactivity during severe hemorrhagic as well as endotoxic shock. 14 -16 Given that the Ca 2ϩ spark-STOC coupling constitutes a crucial component in determining ASMC membrane potential, 3, 4 and tuning the vascular tone, 3, 5, 7 and is likely a contributing factor to the development of high blood pressure in hypertensive rats, 5, 6, 8 we investigated whether BK Ca , Ca 2ϩ sparks, and their coupling in ASMCs are altered in acute hemorrhagic shock (HS) and, if so, whether such alterations contribute to the refractory hypotension and vascular hyporeactivity.
Materials and Methods
All experiments complied with the Chinese National Guidelines for the Use and Care of Experimental Animals and were approved by Southern Medical University. Wistar rats of either sex were anesthetized, and surgery was conducted as described previously. 13, 17, 18 ASMCs from small mesenteric arteries (A2, A3) were isolated as previously described. 19, 20 Single-channel BK Ca currents and membrane potential were measured in the inside-out or cell-attached patch-clamp configurations. ASMC membrane potential was evaluated according to a previously described procedure. 21 STOCs were recorded in the perforated whole-cell patch-clamp configuration as described. 22 Small mesenteric artery membrane potential was measured as previously described. 23 For confocal Ca 2ϩ imaging, isolated ASMCs were loaded with fluo-4 acetoxymethyl ester (5 mol/L; Molecular Probes) for 15 minutes and then washed 3 times with Hepes-buffered whole-cell solution. A Zeiss LSM-510 laserscanning confocal microscope was used in Ca 2ϩ spark imaging. Each line-scan image consisted of 1000 scans obtained at 3-ms intervals, and each line comprised 512 pixels spaced at 0.056-m intervals. In simultaneous recordings of STOCs and Ca 2ϩ sparks, the scan line was set to cross the subsurface just beneath the patch site. For Ca 2ϩ transient measurement, 3000 line scans were obtained at 15-ms intervals. For Western blotting, small mesenteric arteries were taken out and cleaned of connected tissues. Protein was extracted, estimated, separated, and transferred to the membrane using a routine method. 24 Immunofluorescence labeling of isolated myocytes was performed using polyclonal antibodies for BK Ca ␣ or ␤1 subunits 5 (1:100; Affinity Bioreagents Inc).
Data are presented as meansϮSEM of n observations. When appropriate, ANOVA, nonparametric test, and Student's and paired t test were used to determine the significance of the differences among groups. A probability value of Ͻ0.05 was considered statistically significant.
An expanded Materials and Methods section is in the online data supplement at http://circres.ahajournals.org.
Results

ASMC Hyperpolarization and Vascular Hyporeactivity in HS
In the rat HS model, we determined changes of arteriole and ASMC reactivity to the vasoconstrictor and adrenoceptor agonist norepinephrine (NE). As shown in Table I in the online data supplement, the threshold concentrations of NE to induce arteriole and ASMC contraction were 0.16Ϯ0.06 (nϭ6) and 1.01Ϯ0.14 (nϭ8) g/ml, respectively, for the sham group. However, thresholds were elevated to 2.50Ϯ0.13 (nϭ6, PϽ0.01) and 60.02Ϯ19.71 (nϭ8, PϽ0.01) g/ml in the shock group, indicating a conspicuous decrease of arteriole as well as ASMC reactivity to NE. Because membrane potential (E m ) is widely recognized as an important determinant of vascular tone and vasoreactivity, 14, 15 we hypothesized that a membrane hyperpolarization accompanies and underlies the arteriole and ASMC hyporeactivity during HS. Indeed, we found that ASMC E m was shifted from Ϫ41.9Ϯ4.3 mV (nϭ10) in the sham group to Ϫ66.2Ϯ2.9 mV (nϭ8, PϽ0.01) in the HS group, revealing that HS causes a hyperpolarization of ASMCs by as much as 24.3 mV.
HS Altered STOC Activity
Membrane permeability to K ϩ is among the crucial variables in controlling E m . Activation of BK Ca results in membrane hyperpolarization in many types of smooth muscle cells, [25] [26] [27] and increased K ϩ channel activity previously has been suggested to be associated with shock. 14 -16,28 Because of the relatively low sensitivity of BK Ca channel to bulk cytosolic resting Ca 2ϩ (Ϸ100 nmol/L), genesis of STOCs is usually coupled to dynamic high Ca 2ϩ microdomains established during Ca 2ϩ sparks. 6, 8, 22, 29, 30 To determine possible roles of BK Ca in HS, we first investigated shock-induced alterations of STOCs in ASMCs. Under perforated whole-cell patch-clamp conditions at 0 mV holding potential (V m ), STOCs were detected in sham control cells at a rate of 2.8Ϯ0.25 Hz (supplemental Table II ). Individual STOCs displayed a peak current of 25.9Ϯ0.28 pA (nϭ9964 events from 88 cells), full duration at half maximum of 18.6Ϯ0.20 ms and an average outward charge transfer (Q) of 1112Ϯ21.8 fC ( Figure 1A and 1B and supplemental Table II ). Addition of 100 nmol/L charybdotoxin (ChTX), a BK Ca inhibitor, in bath solution decreased STOC amplitude by 36% within 1 minute (supplemental Figure These results indicate that STOCs in mesenteric ASMCs are both RyR and BK Ca dependent, consistent with those described in other ASMCs. 3 Although the frequency-dependent modulation of STOC activity accounts for changes in vasoactivity in many physiological and pathophysiological conditions, 3, [5] [6] [7] [8] 30, 31 we failed to detect any significant change in the rate of STOC occurrence (2.6Ϯ0.18 Hz, nϭ110 cells, holding potentialϭ0 mV, PϾ0.05 versus sham) in ASMCs from HS. Nevertheless, a close examination revealed prominent changes in unitary properties of STOCs between the sham and HS groups. As shown in Figure 1A and 1B, amplitude of STOCs in HS was increased by 57% (40.7Ϯ0.34 pA, nϭ18 684 events from 110 HS cells). Concomitantly, the rise time and the decay time of STOCs were prolonged by 53% and 73%, respectively. As a result, the amount of outward charge transfer in a single STOC was enhanced by 265%, reaching 2949Ϯ39.0 fC in HS ( Figure 1B and supplemental Table II ). These observations indicate that, in voltage-clamped cells at 0 mV, individual STOCs with greater amplitude and prolonged duration tend to hyperpolarize ASMCs nearly 3 times as effectively in HS cells as in sham controls.
Enhanced Ca 2؉ Spark-STOC Coupling Efficiency in Shock
Because STOCs in ASMCs are thought to be directly triggered by Ca 2ϩ sparks, 3,4,7 we next performed simultaneous confocal Ca 2ϩ spark imaging and patch-clamp recording of STOCs, which allowed for determination of the coupling efficiency between Ca 2ϩ sparks and STOCs. At a 0-mV holding potential with the scan line placed just beneath the surface of the fluo-4/acetoxymethyl ester-loaded ASMCs (Figure 2A , inset), we found that almost every subsurface spark triggered a detectable STOC in both sham and HS groups (Figure 2A ). This indicates that the coupling fidelity between subsurface sparks and STOCs is near unity in mesenteric ASMCs regardless of the shock treatment. The rate of spark occurrence did not differ between the two groups (3.2Ϯ0.42 Hz/100 m, nϭ31 sham cells versus 2.7Ϯ0.31 Hz/100 m, nϭ38 HS cells; PϾ0.05), whereas the spark amplitude was significantly increased in HS ( Figure 2B and supplemental Table III ). The constancy of spark production suggests that HS does not alter the intrinsic propensity of spark production. As was the case in the indicator-unloaded ASMCs (see supplemental Table  II) , the STOC frequency was nearly identical in HS and sham control (3.5Ϯ0.32 Hz, nϭ61 sham cells versus 3.3Ϯ0.21 Hz, nϭ63 HS cells), whereas the STOC amplitude was significantly increased (28.1Ϯ0.74 pA in sham versus 43.8Ϯ1.43 pA in HS, PϽ0.001). More importantly, linear regression of STOC amplitude as a function of the corresponding spark amplitude uncovered a greater slope factor in HS (184Ϯ14 pA/Ca 2ϩ unit in F/F 0 , nϭ191 spark-STOC pairs) than in sham control (97Ϯ8 pA/Ca 2ϩ unit in F/F 0 , nϭ149 pairs, PϽ0.01) ( Figure 2C ). This observation indicates that HS confers a hypersensitivity to BK Ca activation by Ca 2ϩ sparks. 
HS Decreased Spontaneous Ca 2؉ Spark Production in Resting ASMCs
Although the greater STOCs observed in voltage-clamped ASMCs tend to hyperpolarize the cell, membrane hyperpolarization exerts a negative-feedback regulation of the production of spontaneous Ca 2ϩ sparks. As such, Ca 2ϩ spark production in hyperpolarized resting cells from shock animals ought to reflect a new equilibrium between membrane hyperpolarization and intracellular Ca 2ϩ homeostasis.
In resting ASMCs under no voltage clamp, spontaneous Ca 2ϩ sparks were observed in 83% (nϭ48 cells) and 85% (nϭ52 cells) of ASMCs during a 6-second period of line scan in the sham and HS groups, respectively. The rate of spark occurrence was 0.9Ϯ0.01 Hz/100 m (nϭ39 cells) in the sham group ( Figure 3A ), suggesting that mesenteric ASMC spark activity is considerably higher than that reported in cerebral ASMCs. 3 This spark frequency at rest is thus only a small fraction of that at 0 mV, consistent with a role of membrane potential in Ca 2ϩ homeostasis. Interestingly, we detected a 55% decrease in subsurface spark frequency in HS (0.4Ϯ0.05, nϭ43 cells, PϽ0.001 versus sham) ( Figure 3B and 3C). Morphometric measurement of sparks revealed a marginally enhanced spark amplitude (1.32Ϯ0.02 F/F 0 , nϭ324 events from 39 sham cells, 1.35Ϯ0.02, nϭ203 events from 43 HS cells, PϽ0.05) and small increases in full width at half maximum (2.0Ϯ0.05 m in sham versus 2.3Ϯ0.076 m in HS, PϽ0.01) and full duration at half maximum (46.5Ϯ3.52 ms in sham versus 50.3Ϯ3.79 ms in HS, PϽ0.01) ( Figure 3C and supplemental Table III ). Rapid application of 10 mmol/L caffeine elicited similar Ca 2ϩ transients in both groups (Figure 3D ), excluding a change in the SR Ca 2ϩ store as the major cause of reduced spark frequency. Furthermore, because the intrinsic propensity of spark production was unaltered, as evidenced in voltageclamped conditions (Figure 2) , the decreased spark production in resting HS versus sham cells should be mainly accountable by the HS-associated membrane hyperpolarization.
Single-Channel Characterization of BK Ca Ca 2؉ Sensitivity in HS
BK Ca channels in smooth muscle cells consist of a poreforming ␣ subunit and auxiliary ␤1 subunit. The ␣ subunit possesses intrinsic sensitivity to activation by Ca 2ϩ , whereas the presence of ␤1 subunit enhances its Ca 2ϩ sensitivity. 5, 8, 32, 33 Because ␤1 subunit downregulation and altered ␣:␤1 stoichiometry underlie the BK Ca hyposensitivity to Ca 2ϩ sparks in a rat model of chronic hypertension, 5, 8 we sought to determine possible dynamic regulation of ␤1 subunit expression in acute HS. To this end, immunocytochemistry data showed that ␣and ␤1-subunit-associated immunofluorescence distributes mainly to the edge of the cell ( Figure 4A ); the expression of ␤1 subunit was significantly elevated in HS ( Figure 4B ), whereas no significant difference was found in ␣ subunit expression between the HS and sham groups ( Figure  4A and 4B) . The protein expression in intact mesenteric arteries detected with Western blotting confirmed a significant augmentation of ␤1 subunit expression without altering the ␣ subunit in HS ( Figure 4C and 4D) . The upregulation of the ␤1 subunit of BK Ca channel should explain, at least in part, the enhanced BK Ca sensitivity to Ca 2ϩ in vitro and in intact arteries.
It has been shown that interaction between the ␣ and ␤1 subunits occurs at micromolar or higher Ca 2ϩ concentrations, with little or no interaction at the resting level of Ca 2ϩ . 32, 33 To determine whether the upregulation of ␤1 subunit expression accounts for the enhanced spark-STOC coupling in HS, we sought to examine BK Ca activity at variable Ca 2ϩ concentrations at the single channel level. For this purpose, the excised patch-clamp configuration was used to record activity of single BK Ca from ASMCs, with symmetric 140 mmol/L K ϩ on both sides of the patch membrane ( Figure 4E ). To exclude the contamination of Ba 2ϩ , 50 mol/L crown-ether, (ϩ)-18crown-6-tetra carboxylic acid (18C6TA) was added in the bath solution before the experiment. 34 The identity of BK Ca channel currents was confirmed by their ChTX (100 nmol/L) and tetraethylammonium sensitivity (200 mol/L; data not shown) and by the high single-channel conductance typical of BK Ca . 21, 33, 35 Our results showed that, at 1 mol/L [Ca 2ϩ ] i , the slope conductance of BK Ca was 216Ϯ7 pS in the shock group, which was nearly identical to that in sham ( Figure 4G ). At 1 mol/L Ca 2ϩ , the channel open probability in HS was Ϸ1.5 times of that in sham (NP o ϭ1.46Ϯ0.11, nϭ23 in HS versus 1.00Ϯ0.14, nϭ27 in sham, holding potentialϭ20 mV, PϽ0.05) ( Figure 4F ), corroborating the aforementioned BK Ca hypersensitivity. The fact that such hypersensitivity was absent at submicromolar Ca 2ϩ concentrations ( Figure 4E and  4F) , when the subunit interaction is essentially negligible, suggests that altered ␤1 subunit stoichiometry is likely the major mechanism underlying the HS-associated BK Ca hypersensitivity to Ca 2ϩ sparks.
Blocking BK Ca Restored Membrane Potential and the Reactivity to NE in the HS Model
To further test the possibilities that activation of BK Ca is responsible for HS-induced vascular hyperpolarization and hyporeactivity, mesenteric artery E m and reactivity were measured with either ChTX or IbTX as a BK Ca blocker. Consistent with the aforementioned results, membrane was hyperpolarized from Ϫ37.5Ϯ1.4 mV in sham to Ϫ47.9Ϯ0.4 mV in HS and IbTX (100 nmol/L) depolarized E m by 7.9Ϯ0.7 mV in HS but only 3.3Ϯ0.7 mV in sham control ( Figure 5A ). This greater depolarization induced by IbTX in HS suggests higher HS-associated BK ca activity. In whole-animal experiments, neither ChTX nor IbTX exerted any significant effect on mean arterial pressure (MAP) in the sham group ( Figure  5B and 5C), demonstrating that basal activity of BK Ca is not a major determinant of blood pressure in rats. When ChTX or IbTX was infused into the femoral vein 2 hours after shock, the blockade of BK Ca significantly increased MAP ( Figure 5D and 5E), consistent with the idea that an enhanced BK Ca activity contributes to blood pressure dysregulation in HS. Furthermore, we found that ChTX or IbTX partially restored vasoreactivity both to the vasoconstrictor NE and the blood reinfusion ( Figure 5D and 5E) . As a control, infusion of physiological saline exerted no significant effects on either MAP or vasoreactivity ( Figure 5D and 5E ).
Discussion
The present study reports on a comprehensive characterization of possible roles of Ca 2ϩ sparks, STOCs, and spark-STOC coupling in vascular responses to HS and has uncovered several novel and important findings. First, STOCs activity was enhanced in terms of amplitude, duration, and charge transfer, whereas the frequency of STOC occurrence was unchanged in voltage-clamped ASMCs from mesenteric small arteries and decreased in hyperpolarized resting cells in spite of unchanged store Ca 2ϩ load. Second, simultaneous recordings of Ca 2ϩ sparks and the triggered STOCs revealed a significantly enhanced spark-STOC coupling efficiency. Third, BK ca ␤1 subunit expression was elevated in HS, leading to BK Ca hypersensitivity to Ca 2ϩ . By single-channel recording of BK Ca in excised patches, we demonstrated that an increase of Ca 2ϩ sensitivity occurs at micromolar Ca 2ϩ concentration, which promotes interaction between the ␣ and ␤1 subunits of the channel but is absent at lower Ca 2ϩ concentrations when little or no channel subunit interaction is expected. A significant role of BK Ca in HS responses was further established by the observation that BK Ca inhibition partially alleviates the blood pressure dysregulation and restores the vascular membrane potential and response to NE and the blood infusion. The present data, however, do not support a substantial change in the intrinsic propensity of Ca 2ϩ spark production, and hence a frequency-dependent modulation of Ca 2ϩ sparks in the rat HS model, because the spark frequency remained unchanged under controlled voltage. The reduction of spark frequency in resting cells from the shock group may stem from the fact that HS hyperpolarizes the cells, negatively regulating intracellular Ca 2ϩ homeostasis.
Based on these new findings, we propose a model for a mechanistic explanation of vasodilation and vascular hyporeactivity observed in HS ( Figure 6 ). Owing to an HS-induced high expression of the BK Ca ␤1 subunits, BK Ca becomes hypersensitive to high local Ca 2ϩ produced by subsurface Ca 2ϩ sparks, which leads to higher Ca 2ϩ spark-STOC coupling efficiency by virtue of STOC amplitude, duration, and charge transfer. All else being equal, this tends to hyperpolarize the membrane potential, which, in Figure 6 . Schematic model for mechanisms underlying membrane hyperpolarization, hypotension, and vascular hypo-reactivity in shock. In HS myocytes, exaggerated BK Ca Ca 2ϩ sensitivity that accompanies upregulation of the BK Ca ␤1 subunits tends to elicit greater STOCs and hyperpolarize the membrane potential. The latter exerts a negative feedback on STOCs and deactivates Ca 2ϩ influx via L-type voltage-operated Ca 2ϩ channel (L-VOC), which, in turn, depresses Ca 2ϩ spark production. Additionally, individual Ca 2ϩ sparks become larger in HS, further increasing in the size of individual STOCs. The sequelae of the enhanced spark-STOC coupling include vessel dilation, reduced arterial blood pressure, and the blunted response to vasoconstrictors. turn, deactivates Ca 2ϩ influx via voltage-operated Ca 2ϩ influxes, leading to vasodilation and hypotension. The membrane hyperpolarization and deactivation of Ca 2ϩ channels also tend to attenuate the ability of various vasoconstrictors such as NE to augment Ca 2ϩ flux, contributing to the hyporeactivity in HS.
Amberg et al 5 have demonstrated that an altered Ca 2ϩ sensitivity of BK Ca is associated with enhanced vascular tone in angiotensin II-induced hypertensive rats. The authors found a decrease in BK Ca sensitivity to Ca 2ϩ sparks caused by a decreased expression of the regulatory ␤1 subunit of the channel, which seems to be in contrast to the acute HS reported here; both findings underscore an important role of the ␤1 subunit in dynamic regulation of BK Ca activity and hence the arterial smooth muscle tone. Furthermore, it has also been shown that the spark-STOC coupling can be reversibly enhanced in ASMCs in response to CO application. 7 However, studies from Chang et al suggested that BK Ca ␤1 subunit is highly expressed in mesenteric artery from 12-week-old spontaneously hypertensive rats (SHR), 24 whereas Cox et al 36 reported that BK Ca current is enhanced in SHR mesenteric artery and Wellman et al reported no change of BK Ca current in cerebral artery from salt-sensitive hypertensive rat. 37 Despite the controversy surrounding BK Ca in chronic hypertension, our data implicate that targeting the spark-STOC signaling pathway might provide an effective therapeutic strategy to reverse the fatal prognosis of acute HS in the clinical setting.
Our results suggest that an acute upregulation of the regulatory ␤1 subunit confers the BK Ca channel hypersensitivity to spark Ca 2ϩ in intact cells and to micromolar Ca 2ϩ in excised patch membranes. Such a mechanism should activate in a time-dependent manner but retain a long memory that is essentially irreversible, so that overt effects are detectable in isolated ASMCs a few hours after the onset of the shock. Besides the alteration of ␤1 subunit expression that we report here, previous studies have also shown that NO is abundantly released in sepsis and HS, 13, 28 and, among others, NO augments BK Ca activation by increasing Ca 2ϩ sparks in arterial myocytes. 38 -40 In this scenario, the NO and cGMP signaling pathway might be responsible for initial BK Ca response in HS, whereas long-lasting effects could be retained via nitrosylation and phosphorylation of the channel. Nevertheless, the absence of BK Ca hypersensitivity at submicromolar Ca 2ϩ concentrations, as demonstrated in Figure 4F , argues against its contribution independently of the BK Ca ␤1 subunits (in the late stage of HS). Future studies are warranted to delineate their independent roles and possible synergistic interactions with the ␤1 subunit upregulation in HS.
It should be noted that HS is a complex process and many other signaling mechanisms could be altered concurrently with the dysregulation of the Ca 2ϩ spark-STOC coupling reported here. In this regard, it has been shown that ATP concentration decreases in the late stage of HS and that K ATP channel activation ensues, 41, 42 which could also be contributing to membrane hyperpolarization. 15, 16, [43] [44] [45] Previous work by us and others has also shown that K ATP activation contributes to the large membrane hyperpolarization in ASMCs from shock animals 14 -16,44,45 and that K ATP inhibition by glibenclamide restores the vascular reactivity to some extent. 16 In summary, we have demonstrated an enhanced coupling efficiency between Ca 2ϩ sparks and BK Ca in ASMCs from shock animals. The increase in BK Ca sensitivity to spark Ca 2ϩ stems from an acute upregulation of the regulatory BK Ca ␤1 subunit. As a result, ASMCs in voltage-clamp conditions display markedly increased STOC amplitude, duration, and charge transfer, contributing to membrane hyperpolarization. Inhibition of BK Ca partially reverses blood pressure dysregulation and restores E m and vascular reactivity. These findings in acute HS and hypotension may have important ramifications for the treatment of shock patients in emergency medicine.
